Langerhans cells (LCs) and interstitial dendritic cells (IDCs
Currently, sexual transmission is the major route of new human immunodeficiency virus type 1 (HIV-1) infection. One of the promising new strategies for vaccination against HIV sexual infection is the development of a mucosal vaccine to induce strong local and systemic protective immunity. Such immunity should prevent infection of the first HIV target cells at mucosal sites, particularly Langerhans cells (LCs), interstitial dendritic cells (IDCs), macrophages, and T lymphocytes (32) . Five monoclonal neutralizing antibodies (NAbs) have been studied extensively (IgG1 b12, 2F5, 4E10, 447-52D, and 2G12), and additional candidate NAbs have recently been discovered (37, 38) . These NAbs inhibit a broad spectrum of HIV-1 strains in vitro, as assessed using conventional neutralization assays with peripheral blood mononuclear cells (PBMCs) or HIV-1-permissive cell lines (TZM-bl) (3, 26, 37) . We have previously demonstrated that NAbs have an in vitro inhibitory activity by using two types of antigen-presenting cells (APCs): monocyte-derived macrophages (MDMs) and monocyte-derived dendritic cells (MDDCs) (15, 17) . The inhibitory activity of neutralizing antibodies on these target cells was due to two distinct mechanisms of inhibition: (i) classical neutralization of the virus infectivity involving the Fab part of the antibody (Ab) and (ii) an Fc␥ receptor (Fc␥R)-dependent mechanism of inhibition. Moreover, other Abs, which did not show classical neutralizing activity, were able to inhibit HIV-1 replication in these cells by the Fc␥R-dependent mechanism only. These Abs are referred to as nonneutralizing inhibitory Abs (NNIAbs) (16) .
The protective role of neutralizing IgGs has been confirmed in vivo using passive immunization of macaques against a vaginal simian-human immunodeficiency virus (SHIV) challenge (1, 11) . More recently, even lower concentrations of NAbs showed protection in a modified challenge protocol involving repeated low doses of simian immunodeficiency virus (SIV) or SHIV (12, 28) . Passive-transfer studies of NAbs implicate the Fc part of IgGs in the protection against mucosal infection. Indeed, the protection was significantly lower after passive transfer of the IgG1 b12 mutant LALA (devoid of the capacity to bind to Fc␥Rs) than of the wild-type (WT) b12 strain (11) . These results suggest that the Fc region of neutralizing IgGs plays a role in the protection against sexual transmission of HIV.
It has been suggested that Fc-bearing LCs and IDCs in the mucosa are among the first HIV targets following sexual transmission. Although their exact contribution to HIV transmission is controversial, they have been found infected in the mucosal layer (14, 31) and are able to replicate HIV in vitro (4, 14, 19, 24, 25) . These Fc␥R-bearing immune cells display important immune functions. They are involved in the capture and the degradation of HIV-1 IgG immune complexes and in the induction of immune effector functions, such as antigen presentation (2) . Thus, inhibiting infection of LCs and IDCs and preserving their immune function may make a valuable contribution to protection against HIV-1 infection and dissemination through the body. Using antibodies to protect these cells from infection should therefore be investigated.
There have been few studies of the inhibitory effect of antibodies on antigen-presenting cells and, to our knowledge, no studies of the inhibitory effects of antibody against infection of LCs and IDCs. These particular dendritic cells (DCs) differentially express HIV-1 alternative receptors compared to MDDCs (for example, C-type lectin receptors [CLRs] , such as DC-SIGN or langerin). Moreover, the relative expression of the various Fc␥Rs differs from that in MDDCs. These differences may affect HIV binding to the cells, with consequences for HIV replication and the inhibitory capacity of Abs.
We report an analysis of HIV replication in LCs and IDCs and the neutralizing and Fc-mediated inhibitory activity of Abs on the infection of these cells.
MATERIALS AND METHODS

Antibodies and cytokines. (i)
MAbs used for LC and IDC staining. Monoclonal antibodies (MAbs) HLA-DR-phycoerythrin (PE) (G46-6), CD1a-PC5 (BL6), CD11b-allophycocyanin-Cy7 (ICRF44), CD16-PE (3G8), CD83-PE (HB15e), CD206-PC5 (19.2), and DC-SIGN-allophycocyanin (DCN46) were purchased from BD PharMingen (San Diego, CA). MAbs CD14-fluorescein isothiocyanate (FITC) (RMO52), CD64-PC5 (clone 22), CD207-PE (DCGM04), and p24-FITC (KC57) were purchased from Beckman-Coulter (Roissy, France).
(ii) HIV-1-specific Abs. Anti-HIV-1 human MAbs to gp-120 (IgG1 b12 and 2G12) and to gp-41 (2F5) were obtained from the NIBSC. Human MAb 447-52D and corresponding Fab fragments 240D and 246D were provided by Suzan Zolla-Pazner. Human MAbs 4E10 and IgA b12 were provided by H. Katinger (Polymun Scientific GmbH) and D. Burton, respectively. Nonneutralizing noninhibitory MAbs to gp-41 (5F3 and 3D6) were obtained from the NIH and D. Katinger (Polymun Scientific GmbH), respectively.
(iii) Anti-human langerin Abs. Mouse monoclonal anti-human langerin (clone DCGM04) was purchased from Beckman-Coulter (Roissy, France). Mouse monoclonal anti-human langerin (clone 343828) and goat polyclonal anti-human langerin were purchased from R&D Systems.
(iv) Cytokines. All cytokines used for culture and differentiation of the cells were purchased from R&D Systems.
Cell preparation. PBMCs were obtained by Ficoll-Hypaque sedimentation of human peripheral blood leukocytes, followed by 3 days of phytohemagglutinin (PHA) activation in RPMI medium-10% fetal calf serum (FCS) supplemented with interleukin-2 (IL-2) (10 ng/ml).
Langerhans cells (LCs) and interstitial dendritic cells (IDCs) were obtained by differentiation of purified human cord blood CD34 ϩ stem cells by immunomagnetic bead isolation (AutoMacs; Miltenyi Biotec) after Ficoll-Hypaque sedimentation. Purified CD34 ϩ cells were cultured in RPMI medium-10% FCS supplemented with 50 ng/ml of Flt3 ligand (Flt3-L), 50 ng/ml of granulocyte-macrophage colony-stimulating factor (GM-CSF), 25 ng/ml of stem cell factor (SCF), and 10 ng/ml of thrombopoietine (TPO) at 37°C and under 5% CO 2 for 7 days to allow multiplication. Then, the CD34 ϩ cells were differentiated for five additional days in RPMI medium-10% FCS with 50 ng/ml of GM-CSF, 6 ng/ml of transforming growth factor ␤1 (TGF-␤1), and 2 ng/ml of tumor necrosis factor alpha (TNF-␣).
All blood or cord blood samples were collected from healthy, HIV-1-seronegative donors. Umbilical cord blood samples were obtained from consenting, full-term pregnant women.
Virus preparation. HIV-1 primary isolates were produced in human blood leukocytes as previously described (16) . Virus stocks were collected at the peak of virus production and were concentrated 80-fold using a 100-kDa cutoff polyethersulfone filter (Centricon 80 Plus Biomax filter; Millipore, Molsheim, France). HIV-1 BaL and HIV-1 BX08 isolates (subtype B, R5 strains) were provided by S. Gartner, M. Popovic, and R. Gallo from the National Institutes of Health and by H. Fleury, respectively. HIV-1 TV1 (subtype C, R5 strain) was obtained from S. Engelbrecht. X4-tropic HIV-1 KON was provided by F. Barin.
Infection and neutralization assays. Aliquots of 25 l of cells (at 12 ϫ 10 6 cells/ml, in RPMI medium supplemented with 10% FCS without addition of cytokines) were infected with 25 l of HIV-1 primary isolate (concentration of 2 to 10 g/ml p24) in a final volume of 75 l. The concentration used was adjusted to result in 2 to 5% of infected cells after 72 h. This percentage of infected cells has been shown to be adequate for testing neutralizing antibody activity (22, 23, 33 (16, 17, 30) .
Flow cytometry analysis. Acquisition of multicolor samples was performed with a cytometer (LSRII Sorp; BD). Cytometer setup and tracking (CST) calibration particles (BD) were used to ensure consistency of fluorescence intensity measurements throughout all experiments. A flow cytometry CompBeads kit (BD) was used for compensation. Forward angle and side scatter light gating were used to exclude dead cells and debris from the analysis. Forward width and forward area were used to exclude doublet cells. FACSDiva software (BD) was used for the final analysis and graphical output.
RESULTS
Phenotypes of LCs and IDCs derived from CD34
؉ cord blood cells. To analyze the inhibitory activity of antibodies against HIV infection of LCs and IDCs, we generated these cells from CD34 ϩ stem cells in vitro. As the recovery of CD34 ϩ cells from cord blood is low, we first amplified them for 7 days before the 5-day differentiation step to generate LCs and IDCs (see Materials and Methods). Under these conditions, we obtained LCs and IDCs in coculture. Each cell population in the coculture was characterized by immunophenotyping (Fig. 1) ; LCs and IDCs were distinguished according to their specific cell surface expression markers, langerin (CD207) and CD11b, respectively (6, 34) . The CD11b ϩ /langerin-negative IDCs ( Fig. 1 , blue population) expressed low levels of CD1a and CD14 (10 and 22%, respectively). In contrast, 73% of CD11b Ϫ /langerin-positive LCs ( Fig. 1 , pink population) expressed CD1a, but few were positive for CD14. A third cell population, negative for both CD11b and langerin markers, was also detected in the coculture (see Fig. SA1a in the supplemental material, gray population). We extensively analyzed these cells. They were also negative for the CD14-specific monocyte marker, for CD4 and CCR5, and for all other surface markers tested (Fc␥Rs, Fc␣R, the C-type lectins DC-SIGN and mannose receptor, CD1a, and HLA-DR).
Like APCs, LCs and IDCs strongly expressed HLA-DR. The mannose receptor was detected at the cell surface of most IDCs but not LCs, and the expression of DC-SIGN was very weak on IDCs and absent on LCs. To assess the ability of LCs and IDCs to bind HIV-1 IgG immune complexes through Fc␥Rs, we studied the expression of the different types of this receptor family. LCs and IDCs differentially expressed Fc␥RI (4 and 18%, respectively) and Fc␥RII (24 and 54%, respectively), but both expressed Fc␥RIII only weakly. The expression of Fc␣R (IgA receptor) was very weak on IDCs and not detectable on LCs (not shown).
The receptor and coreceptor for R5-tropic HIV-1 strains, CD4 and CCR5, respectively, were expressed at the surface of both DC subsets, whereas no expression of CXCR4 (coreceptor for X4-tropic HIV-1 strains) could be detected (not shown). LCs and IDCs did not express the maturation marker CD83 and were therefore considered to be immature.
The LCs and IDCs in coculture obtained by in vitro differ-entiation of cord blood stem cells thus showed a phenotype very similar to the phenotype previously described for DCs residing in mucosal sites (13, 35) . Attempts to purify LCs and IDCs. We tried to separate IDCs from LCs and also to improve their purity in culture (see Fig. SA2 in the supplemental material).
First, we modified the culture conditions and the cytokine cocktail used. Without adding TGF-␤ to the culture, we obtained pure IDCs, without LCs (see Fig. SA2c in the supplemental material). However, these IDCs showed a phenotype similar to that of MDDCs; in particular, unlike other IDCs, they expressed DC-SIGN. IDCs obtained in the presence of TGF-␤ did not express DC-SIGN (probably due to the effect of the cytokine, as reported by Relloso et al. [27] ) and therefore show a phenotype closer to that of IDCs purified from the derma. Purification by cell sorting was also attempted (see Fig.  SA2b in the supplemental material). However, the size and the morphology of the LCs obtained on days 10 to 12 were not appropriate for magnetic cell sorting (the cells stuck to the column and were recovered with deformities). Moreover, staining of the cells on day 12 before cell sorting induced rapid maturation of the cells, making them resistant to R5 HIV infection. Purification of LCs at earlier times was not feasible because langerin was expressed only weakly before day 12.
As we could not improve the purity of LCs or IDCs, cocultures were used for infection experiments.
Productive HIV-1 infection of LCs and IDCs. To analyze the infection of LCs and IDCs by different HIV-1 strains, we used flow cytometry to detect, in each population of DCs, intracellular p24 viral antigen, which is a reliable early indicator of productive infection (33) . Flow cytometry was also used to detect the cell-specific markers langerin and CD11b for the phenotypic characterization of infected LCs and IDCs, respectively. This method discriminated between infected LCs and infected IDCs in the coculture, which is not possible by enzyme-linked immunosorbent assay (ELISA) (dosage of p24 in the supernatant). Intracellular p24 was analyzed at various times after infection (Fig. 2C) . After 24 and 48 h, the percentages of LCs and IDCs infected were negligible. However, 72 h postinfection, the percentages of LCs and IDCs infected were 2 to 5% for the three R5-tropic strains (HIV-1 BaL , HIV-1 BX08 , and HIV-1 TV1 ), but no productive infection was detected with X4 HIV-1 KON (Fig. 2A) . Although the percentage of infected IDCs was slightly higher than that of LCs, the difference was not significant for HIV replication in LCs and IDCs from various donors (P Ͼ 0.34 by analysis of variance [ANOVA]) (Fig. 2B) . The percentage of infected cells increased with time (at days 4 and 5) (Fig. 2C ) and correlated with virus released into the medium, as assessed by p24 ELISA (not shown).
To determine whether the infection detected at 72 h corresponded to a single cycle or several cycles of replication, cells were treated with saquinavir (a protease inhibitor). Saquinavir treatment decreased the numbers of infected LCs and IDCs by 25% and 30%, respectively (Fig. 2D) . This indicates that virus replication detected at 72 h corresponded mainly to a single cycle of HIV replication in both DC types. To measure the kinetics of the early reverse transcription step, we added zidovudine (AZT) at various times after infection and measured the percentages of infected cells at 72 h. AZT had no detectable inhibitory effect when added up to 24 h after the virus. This indicates that the reverse transcription step of HIV-1 replication needs about 24 h to be completed in these cells (Fig. 2E) . These findings also suggest that the early kinetics of replication were similar in LCs and IDCs.
No infection was detected in langerin-negative/CD11b Ϫ cells, and these cells could therefore be considered nonpermissive to HIV-1 infection (see Fig. SA1b in the supplemental material). Analysis of the inhibitory activity of antibodies after 72 h was chosen, corresponding to a single cycle of infection and minimizing the inhibitory activity due to cytokine production or other factors.
Effect of antilangerin on HIV-1 infection of LCs.
Langerin is expressed exclusively on LCs and may participate in the degradation of viral particles, limiting HIV replication in these cells (8) . The role of langerin in HIV-1 infection was assessed in our model by competition experiments using three antibodies directed against human langerin CD207 (one polyclonal and two monoclonal Abs). Anti-human langerin Ab (20 g/ml) was preincubated with LCs and IDCs for 30 min before infection with a primary isolate of HIV-1 BaL . These Abs impeded antilangerin-PE staining by targeting the same epitope or by steric hindrance, demonstrating the efficacy of their binding (Fig. 3A) . We analyzed the productive HIV-1 infection in LCs identified as CD11b Ϫ CD1a ϩ (Fig. 3B) . The presence of antilangerin Abs (either monoclonal or polyclonal) did not increase the percentages of LCs (or IDCs) infected after 3 days (Fig. 3B) . Indeed, in the presence of antilangerin antibodies, the percentage of HIV-infected CD1a ϩ LCs was slightly but not statistically significantly lower than that for controls. Under these conditions, we found no evidence of langerin being involved in LC infection. In addition, there was no significant difference between the percentages of HIV-infected LCs and IDCs (Fig. 2B) , indicating that LCs were infected with an efficiency similar to that for the IDCs also present in the coculture. (Table 1 ). The five well-known NAbs tested strongly inhibited HIV-1 BaL and HIV-1 TV1 replication in LCs and IDCs, and their inhibitory activities were stronger than those measured on PBMCs (Table 1) . Interestingly, NNIAbs 240D and 246D, which do not exhibit neutralizing activity on PBMCs, reduced the number of HIV-1 BaL -infected LCs and IDCs by 90% (39) . The nonneutralizing noninhibitory Abs (NNNIAbs) 5F3 and 3D6, directed against gp41, which did not exhibit any inhibitory activity in previous assays, also had no inhibitory effects in our model system (17) . Under these experimental conditions, no induction of the maturation marker CD83 at the surface of the LCs or IDCs could be detected (not shown).
Inhibition of HIV-1 replication in DCs by
Participation of Fc␥Rs in the inhibition of HIV-1 replication by HIV-1-specific IgGs. As Fc␥Rs are expressed on LCs and IDCs, we studied the role of the Fc part of Abs in binding to their cognate Fc␥Rs. We first analyzed the inhibitory activity of the Fab part of the neutralizing monoclonal IgG 447-52D (Fig.  4A) . The inhibitory activity of the Fab part of this NAb was only 1/10 that of the whole NAb. However, when PHA-stimulated PBMCs were used as target cells, the inhibition by the Fab part of 447-52D was only slightly lower than that of the whole IgG (Fig. 4A ). This suggests not only that the much greater inhibition of DC infection by whole IgG than by the Fab fragment was due to a higher avidity of divalent than monovalent antibodies but also that the Fc domain of the NAb contributes substantially to the mechanism of inhibition of HIV-1 replication in LCs and IDCs. To test this possibility (Fig. 4B) . Although increased inhibitory activity was less clear for NAb b12 than for 447-52D (Table 1) , blocking the binding of b12 to the Fc␥Rs also induced a significant and reproducible decrease of the inhibitory activity on LCs and IDCs (not shown). These results clearly show that an Fc␥R-mediated inhibitory activity contributes to the inhibition of HIV-1 infection of LCs and IDCs.
In the mucosa, LCs and IDCs may encounter IgA in addition to IgGs. We evaluated inhibition by antibody b12 of the IgA type of LC and IDC infection; IgA b12 is a recombinant human IgA2 that carries the heavy plus light (HϩL) chain variable domains of IgG1 b12 (21) . Monomeric IgA b12 inhibited HIV-1 replication in DCs, but the inhibition was weaker than that by the corresponding IgG1 b12 (Fig. 4C and Table 1 ). Dimeric and polymeric IgA b12 had similar inhibitory activities (data not shown). Moreover, the inhibitory activity of IgA b12 on LCs and IDCs was of the same order of magnitude as that recorded when PBMCs were the HIV targets (Table 1) (21) . These results suggest that the Fc part of IgA does not participate in inhibition of HIV and provide further support to the notion of an Fc␥R-mediated mechanism of HIV inhibition by IgGs.
DISCUSSION
We studied the capacity of HIV-1-specific Abs to inhibit HIV-1 replication in LCs and IDCs. LCs and IDCs were obtained by differentiation of cord blood CD34 ϩ stem cells. Immunophenotyping of these cells showed that DCs generated under these conditions expressed the surface markers detected on DC subsets present in the mucosa. These in vitro-differentiated cells therefore appear to be a good model for the analysis of HIV-1 infection of LCs and IDCs from the mucosa and neutralization by antibodies.
We analyzed the first step of HIV replication in these cells, which have contrasting patterns of expression of cell surface markers, also different from that of DCs obtained after differentiation of blood monocytes (17, 29, 35) . We found that the reverse transcription step and the kinetics of HIV replication were similar in LCs and IDCs and were comparable to those previously reported for MDDCs (10, 17) . Treatment with saquinavir demonstrated that HIV-infected cells detected after 72 h corresponded mostly to a single cycle of virus replication. Thus, under conditions where HIV was incubated with both LCs and IDCs, the first steps of virus entry and replication were similar in both DC subtypes and there was no evidence of any preference of HIV replication.
These similarities in HIV-1 replication in LCs and IDCs (8) . However, the two other Abs tested (the monoclonal antilangerin Ab from another clone and polyclonal antilangerin Ab) also failed to increase HIV-1 replication in LCs. The lack of effect of these antilangerin Abs on HIV-1 replication may be because those described by de Witte et al. as able to block HIV-1 degradation in LCs recognize a very specific epitope, distinct from that recognized by our commercial Abs. Another possibility is that the large amount of virus required to detect infection of these cells may overwhelm the inhibitory activity of langerin. This point is difficult to assess because using lower concentrations of virus did not allow detection of infected cells by flow cytometry after a single cycle of infection (not shown). Moreover, the origins of the DC populations used were different in these two studies (LCs derived from CD34 ϩ progenitors were used in our model, and skin-purified LCs were used by de Witte et al. [8] ), and this may have consequences for the langerin inhibitory activity. Therefore, our results show (i) similar infection rates of LCs and IDCs and (ii) the absence of increased infection after langerin blockage. These results are not in accordance with the anti-HIV function of langerin proposed by van der Vlist and Geijtenbeek (36) .
Note that the IDCs that are in coculture with LCs are different from MDDCs; in particular, expression of DC-SIGN was very weak. DC-SIGN efficiently binds HIV particles; this binding may favor close proximity between HIV and neighboring CD4 receptors and, in this way, trigger virus fusion (5). This may not happen on our IDCs, which lack this CLR. Nonetheless, IDCs were successfully infected under our coculture conditions.
The similarities in HIV-1 replication in LCs and IDCs allowed us to study the inhibitory activities of Abs in the cultures containing both DC subsets. We demonstrated for the first time that NAbs efficiently inhibit HIV-1 infection of LCs and IDCs. To determine the involvement of the Fc part of IgG in HIV inhibition, we compared the activity of whole IgG 447-52D to that of its corresponding Fab fragments by using PBMCs and LCs/IDCs. When CD4 T cells were the targets, the inhibitory activity of Fab was about half that of whole IgG. As CD4 T lymphocytes do not express Fc␥R (whereas DC subsets do), this small difference in inhibitory activity of Fab can be attributed to the monovalent structure of Fab, compared to that of whole IgG. In contrast, when LCs and IDCs were used as targets instead of PBMCs, the inhibitory activity of the Fab was less than 1/10 that of the whole IgG, strongly implicating the Fc fragment in the inhibitory activity of IgGs. Thus, the lower inhibitory activity of Fab was due not only to fewer epitopes but also to an Fc␥R-dependent mechanism of inhibition. Also, the NNIAbs 240D and 246D inhibited infection of LCs and IDCs, confirming the existence of an Fc␥R-mediated inhibitory mechanism in these cell subtypes.
We previously showed that Fc␥RI was mainly involved on macrophages whereas Fc␥RII was mainly involved on MDDCs (17) . The relative expression levels of Fc␥RI, Fc␥RII, and Fc␥RIII differ among LCs, IDCs, and MDDCs. Nevertheless, we found that NAbs and NNIAbs had very comparable HIV-1 inhibitory activities for these three types of DCs (17) . The relative contribution of each of the different Fc␥Rs needs to be assessed further. After binding to their cognate Fc␥Rs, HIV-1 IgG immune complexes may undergo degradation. The activation pathways that lead to the degradation of opsonized viral particles remain obscure. Immune complexes may be responsible for the activation of phagocytosis followed by the degradation of the pathogen in macrophages or monocytes (7, 18) . As phagocytosis is impaired when these cells are infected by HIV-1, HIV-1-specific IgG should be induced early before acute infection and at the site of virus entry to exploit the Fc␥R-dependent inhibition mechanism maximally (20) . The mucosal immune response is characterized by the induction of specific IgA. We studied the inhibitory activity of this Ab class against infection of LCs and IDCs. Neutralization with b12 Abs of the IgA type showed a potent inhibitory activity against HIV-1 replication in LCs and IDCs, but this activity was nevertheless lower than that for the corresponding IgG1. In our LCs and IDCs generated from cord blood, expression of Fc␣R at the surface was negligible. Our findings are in accordance with a report by Geissmann et al. (9) that shows the expression of Fc␣R only in a subpopulation of IDCs in the derma and not in LCs in the epidermis. Note that we also failed to detect any efficient Fc␣R-mediated inhibitory activity on monocyte-derived macrophages (MDMs) (15) , which, unlike LCs, strongly express Fc␣R. Fc␥R-mediated inhibitory activity has been detected for human MDMs and MDDCs and now also for LCs and IDCs (15, 17) . We propose that this mechanism may be common to all APCs bearing specific Fc␥Rs. As a consequence, Fc␥R-mediated inhibition may have a physiological relevance for APCs present at the mucosal site by contribution to HIV-1 inhibition after sexual transmission. Overall, these results strongly suggest that induction, in the mucosa, of IgG type Abs in addition to IgA may be highly beneficial in protecting APCs from HIV infection, thereby limiting HIV transmission to the neighboring cells, particularly CD4 T lymphocytes.
The inhibitory activity of NNIAbs on APCs provides new opportunities to induce Abs able to recognize "nonneutralizing" epitopes, in addition to NAbs. As the epitopes recognized by the NNIAbs 246D and 240D are both well conserved and very immunogenic, the design of immunogens able to induce such Abs should be feasible. To date, most assays used to measure Abs induced by vaccination involve PBMCs or T cell lines. Consequently, the presence of nonneutralizing IgGs after vaccination may have been missed. We therefore propose extending neutralization assays to other cell types, notably macrophages and DCs, which would allow the identification of these NNIAbs. In addition, optimization of the design of the Fc part of IgGs for their Fc␥Rs should be considered (30) .
By using Fc mutated IgGs, Hessell et al. revealed the importance of the Fc part of IgGs in protection against SHIV infection in a macaque model of experimental challenge by the vaginal route (11, 12) . Our results support the importance of Fc␥R-mediated inhibition of HIV-1 infection of numerous target cells present at mucosal sites. Further characterization of the type of humoral immune response that should be induced in the mucosa to protect from HIV sexual infection will potentially be very valuable.
